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Abstract
 .N-acylethanolamines NAEs have attracted the attention of researchers in the last two decades due to their occurrence in
biological membranes under conditions of stress as well as under normal conditions. Differential scanning calorimetric
studies have been carried out on dry and hydrated samples of a homologous series of N-acylethanolamines containing
 .saturated acyl chains of even number of carbon atoms ns8–20 . In both cases a major sharp endothermic transition was
observed which occurs at the melting point for the dry NAEs whereas for the hydrated samples it occurs at considerably
lower temperatures. The enthalpies and entropies corresponding to this transition could be fitted, in each case, to a straight
line suggesting that the transition enthalpy and transition entropy consist of a fixed component from the polar head group
 .and the terminal methyl group, whereas the contribution of the methylene groups, CH , is linearly proportional to the2 n
number of carbon atoms in it. The contributions of each methylene unit to the transition enthalpy and transition entropy of
 .  . y1  .  .NAEs were found to be D H s0.82 "0.02 and 0.96 "0.06 kcal mol , and DS s2.01 "0.06 and 2.37 "0.17inc inc
cal moly1 Ky1, respectively, for the dry and hydrated samples of NAEs, whereas the end contributions arising from the
 .  . y1head group and the terminal methyl group were determined to be D H sy0.10 "0.26 and y0.52 "0.82 kcal molo
 .  . y1 y1and DS s2.12 "0.71 and 3.1 "2.3 cal mol K , respectively, for the dry and hydrated samples of NAEs. Theseo
results are relevant to an understanding of the thermodynamics of the phase properties of NAEs in membranes. q 1997
Elsevier Science B.V.
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1. Introduction
 .N-acylethanolamines NAEs have been found to
accumulate in the infarcted areas of canine myo-
cardium and ischemic brain tissue at concentrations
w xof up to 400–500 nmolrg of wet tissue 1,2 . Bio-
chemical studies have revealed that NAEs have inter-
esting biological properties which include inhibition
of the permeability dependent Ca2q release from rat
w xheart and liver mitochondria 3 , stimulation of
2q 2q w xCa –Mg -ATPase activity 4 and inhibition of
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w xlipid peroxidation in membranes 5 . Additionally,
N-oleoylethanolamine has been demonstrated to be a
w xpotent inhibitor of ceramidase 6 , whereas N-
 .arachidonylethanolamine anandamide has been
found to be associated with the cannabinoid receptor
w xas its endogenous ligand 7 . Anandamide has also
been shown to inhibit gap–junction conductance and
intercellular calcium signalling in striatal astrocytes
w x8 , as well as to reduce sperm fertilising capacity by
w xinhibition of the acrosome reaction 9 .
The metabolism of N-acylethanolamines has been
investigated in considerable detail see, for recent
w x.reviews, Refs. 10,11 and as a result we now know
that the NAEs can be degraded by N-acylethanol-
amine amidohydrolase to the free fatty acid and
w xethanolamine 3,12–14 . This is true for anandamide
also as a specific anandamide amidohydrolase activ-
ity which exhibits high substrate specificity was iden-
w xtified in rat brain microsomes 15 . Additionally, it is
known that NAEs may be produced in biological
media both by the condensation of the corresponding
w xfatty acid with ethanolamine 16–18 as well as by
the degradation of N-acyl phosphatidylethanolamines
 . w xNAPEs 10,11,18–20 , which are also found to
accumulate in animal tissues under conditions of
stress or injury. However, since the former biosyn-
thetic activity is the reverse reaction of the NAE
amidohydrolase that catalyses NAE degradation, it
has been suggested that the latter pathway, rather
than the former, meets the requirements and condi-
tions for the biosynthesis of various species of NAEs
w x11,19 . Currently, efforts are being directed towards
the purification of enzymes that are involved in the
biosynthesis and catabolism of NAEs and NAPEs in
w xorder to characterise them in greater detail 21–24 .
In addition to the interest generated in them by
their occurrence in biological membranes under con-
ditions of stress, N-acylethanolamines have also
elicited considerable interest due to their pharmaco-
logical and medicinal properties. It has been found
that the NAEs exhibit antiinflammatory, antianaphy-
lactic, antiviral and antibacterial properties reviewed
w x.in Ref. 10 .
While a significant amount of work has been
carried out on the biological, medicinal and phar-
macological properties of NAEs, studies on their
physical properties and their interaction with other
membrane components have been relatively scarce.
w xIn one study, Epps and Cardin 25 investigated the
interaction of N-oleoylethanolamine with phos-
phatidylcholine vesicles and showed that it decreases
the phase transition temperature of dipalmitoylphos-
phatidylcholine multilamellar vesicles. More recently,
w xAmbrosini et al. 26 investigated the effect of N-
oleylethanolamine and N-lauroylethanolamine on the
phase behaviour of egg phosphatidylethanolamines
using X-ray diffraction and differential scanning
 .calorimetry DSC and suggested that the NAEs may
stabilise the bilayer structure of the lipid membranes.
Apart from these two studies, to the best of our
knowledge, there have been no reports on the physi-
cal properties and phase behaviour and interaction of
these compounds with other membrane components
such as phospholipids. In view of their occurrence in
biological membranes and the possible medicinal uses
of these compounds, it is important to carry out
systematic studies on the properties of NAEs and to
investigate their phase behaviour in aqueous disper-
sion in pure state as well as in mixtures with other
membrane lipids. As the first step in this direction we
have performed differential scanning calorimetric
studies on a homologous series of NAEs with satu-
rated acyl chains in order to characterise the phase
transitions of dry and hydrated forms of N-




Octanoic acid, decanoic acid, lauric acid, myristic
acid, palmitic acid and arachidic acid were obtained
from Aldrich Chemical, USA. Stearic acid was pur-
chased from Sisco Research, Mumbai. Oxalyl chlo-
ride was a product of E. Merck, Germany. All other
reagents were of reagent grade and were obtained
from local suppliers. Solvents were distilled and dried
prior to usage.
2.2. Synthesis of N-acylethanolamines
The fatty acids were converted to the correspond-
ing acid chlorides by treating with 4 mol equivalents
of oxalyl chloride at room temperature for 2 h under
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w xnitrogen atmosphere 27 . After the reaction was
completed, the excess oxalyl chloride was removed
under a stream of dry nitrogen gas. N-acylethanol-
amines were synthesised by the drop-wise addition of
one mole equivalent of the acid chloride in
dichloromethane to a solution of 5 mol equivalents of
freshly distilled 2-ethanolamine in dichloromethane
cooled in an ice-bath, under constant stirring. After
all the reagent was added, the reaction was allowed to
continue for another 30 min and the solution was
washed successively with double distilled water, di-
lute HCl and dilute bicarbonate solution and then the
solvent was evaporated under a stream of dry nitro-
gen gas.
The N-acylethanolamines of longer acyl chain-
 .lengths C-10 to C-20 were purified by recrystallisa-
tion from acetone. For this, the product obtained in
the previous step was dissolved in a small volume of
dichloromethane, about 10 vol of acetone were added
to it and the solution was kept in a freezer overnight.
The precipitated N-acylethanolamines were recov-
ered by filtration. N-octanoylethanolamine was puri-
fied by column chromatography on silica gel. The
column was packed in 5% ethylacetate in hexane and
the sample was loaded onto the column. Elution was
done with increasing concentrations of ethylacetate
and N-octanoylethanolamine eluted at 70% ethylac-
etate. The final yields obtained were usually in the
range of 60–80% and the products were found to be
pure by T L C on silica gel solvent:
.CH Cl rMeOHrNH OH: 65r25r4, vrv . The IR2 2 4
spectra of the purified N-acylethanolamines showed
resonances in the carbonyl stretching region at 1643
and 1559 cmy1, corresponding to the amide I and
amide II bands, respectively, whereas bands corre-
sponding to carbonyl resonances of free fatty acid,
acid chloride and ester were absent.
2.3. Differential scanning calorimetry
Differential scanning calorimetric studies were
performed on a Perkin-Elmer DSC-4 differential
scanning calorimeter equipped with a data station.
The calorimeter was calibrated with a sample of
indium. Aluminium pans were used for dry NAEs
whereas stainless steel ampoules were used for mea-
surements with aqueous dispersions. For measure-
ments with dry samples, 1–3 mg of the appropriate
NAE was weighed into the sample pan, covered with
an aluminium lid and sealed by crimping. Reference
pans were prepared without any sample in them.
Hydrated NAE samples were prepared in the follow-
 .ing way. Solid N-acylethanolamines 1–3 mg were
weighed into large volume stainless steel sample
pans, 30 ml of distilled H O was added to each pan,2
the pan was covered with the lid and sealed by
crimping. Reference pans were prepared with only
water in them. Hydration was achieved by heating the
sealed pans in the DSC equipment to about 1208C.
DSC measurements were made after cooling the pans
to room temperature. Heating and cooling scans were
 .made from room temperature ca. 258C to 1308C at a
scan rate of 2.58rmin or 1.58rmin and each sample
was scanned three times upwards and two times
downwards. Transition enthalpies were determined
by integrating the peak area under the transition
curve. Transition entropies were determined from the
transition enthalpies assuming a first order transition
w xaccording to the expression 28 :
D H sT PDS 1 .t t t
3. Results
3.1. Differential scanning calorimetry of dry N-
acylethanolamines
Differential scanning calorigrams for the heating
and cooling scans of solid–fluid phase transitions of
N-stearoylethanolamine are shown in Fig. 1 as repre-
sentative examples. There are three peaks in the first
heating scan and the third peak which is centered
around 102.58C coincides with the capillary melting
point of the compound and therefore this transition
corresponds to the melting of the sample, that is, the
solid–liquid phase transition. The other two transi-
tions which occur at temperatures below the main
melting transition must therefore correspond to transi-
tions in the solid phase. While all the NAEs studied
 .here ns8–20 show a major transition that corre-
sponds to the capillary melting of the sample only
some of them display the additional transitions below
the main melting transition. Thus, all the NAEs with
acyl chains of 14–20 carbon atoms display two
smaller transitions before the main melting transition
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Fig. 1. Differential scanning calorigrams of dry N-stearoyl-
ethanolamine. A, first heating scan; B, cooling scan performed
immediately after the first heating scan; C, second heating scan
recorded immediately after the cooling scan. Subsequent heating
and cooling scans were identical to B and C, respectively.
Upward curves are endotherms and downward curves are
exotherms. Scan rate: 2.58rmin.
in the first heating scan. N-decanoylethanolamine
 .  .C-10 and N-lauroylethanolamine C-12 display
only one additional transition that is rather broad and
occurs at a lower temperature than the melting transi-
tion in the first heating scan. The calorigrams ob-
tained for N-octanoylethanolamine show a single
sharp endothermic transition that is associated with
the melting of the sample and no additional transi-
tions were observed for this compound either before
or after the main melting transition. When the sam-
ples were subjected to further cycles of heating and
cooling after the first heating and cooling scans, it
was observed that the NAEs having acyl chainlengths
of 8–14 C-atoms give only a single sharp transition
corresponding to the melting of the sample, whereas
the NAEs having acyl chainlengths of 16–20 C-atoms
give an additional transition before the main melting
transition. The half width of the main melting transi-
tion is in the range of 0.5–1.08C for the N-
acylethanolamines investigated in this study.
3.2. Differential scanning calorimetry of N-
acylethanolamines in the presence of excess water
Differential scanning calorigrams of hydrated N-
stearoylethanolamine for heating and cooling scans
are shown in Fig. 2 as representative examples. In
contrast to the dry sample of this lipid which showed
two minor transitions and a major chain-melting phase
transition, the hydrated sample shows only a single
transition which corresponds to the chain-melting
phase transition. All the other NAEs with even chain-
lengths in the range 8–20 C-atoms also show a single
transition in both the heating and cooling scans.
3.3. Transition temperatures
 .The transition temperatures T determined fromt
the DSC studies, both for the dry samples of NAEs as
well as their dispersions in water, are listed in Table
1. It can be seen that transition temperatures of the
NAEs increase with increasing chainlength though
Fig. 2. Differential scanning calorigrams of N-stearoylethanol-
amine in presence of excess water. A, heating scan; B, cooling
scan. Upward curve is endotherm and downward curve is
exotherm. Scan rate: 2.58rmin.
( )M. Ramakrishnan et al.rBiochimica et Biophysica Acta 1329 1997 302–310306
Fig. 3. Chainlength dependence of the transition temperatures of
N-acylethanolamines and fatty acids of even chainlengths. Data
 .  .obtained from heating scans of dry v and hydrated B
samples of NAEs are shown. Transition temperatures of fatty
 . w xacids ‘ , taken from literature 21 , are also shown for the sake
of comparison. The solid lines and the dotted line are nonlinear
 .least square fits of each data set to Eq. 4 . The data for
N-octanoylethanolamine in water was omitted from the least
squares analysis.
the change in transition temperatures decreases
steadily with increase in the chainlength. This can be
recognised more readily from Fig. 3 where the transi-
tion temperature of NAEs is plotted as a function of
the acyl chainlength, n. For the sake of comparison,
transition temperatures of the parent fatty acids dry
. w xsamples , obtained from literature 29 , are also shown
in Fig. 3.
3.4. Transition enthalpies and entropies
The transition enthalpies and transition entropies
obtained from the heating scans for the main chain-
melting phase transition of the various N-
acylethanolamines investigated in this study, both for
the dry samples and the hydrated dispersions, are
reported in Table 1. It was observed that the transi-
tion enthalpy values obtained from the cooling scans
 .data not shown are usually in close agreement with
those obtained from the heating scans. The values for
the transition entropies were calculated assuming a
first order transition. The data given are the average
values obtained from the calorigrams recorded at
scan rates of 2.58rmin and 1.58rmin.
4. Discussion
Interest in N-acylethanolamines has been increas-
ing in the last several years after the demonstration
that N-arachidonylethanolamine binds to the cannabi-
w xnoid receptor as its endogenous ligand 7 . Since the
major pathway for the biosynthesis of NAEs is by the
enzymatic degradation of N-acylphosphatidyl-
 .ethanolamine NAPE and because NAPEs have been
shown to be present in biological membranes in
significant quantities under certain conditions of
stress, there is a considerable interest in this class of
w xcompounds as well 10,11,19 . In order to develop
structure–function relationships for these two classes
of compounds it is important to study their phase
behaviour in aqueous dispersions and to characterise
the thermodynamics that govern their phase proper-
ties as well as to characterise the structures formed
Table 1
 .  .  .Transition temperatures T , transition enthalpies D H and transition entropies DS for the phase transitions of N-acylethanolaminest t t
 .  .  .  .Number of C-atoms n T 8C D H kcalrmol DS calrmolrKt t t
dry hydrated dry hydrated dry hydrated
8 66.6 26.7 4.90 1.73 14.42 5.77
10 79.3 49.4 6.55 7.14 18.59 22.14
12 87.9 63.0 7.65 9.01 21.19 26.80
14 93.9 72.5 9.64 10.39 26.26 30.06
16 99.7 80.0 11.53 13.67 30.92 38.71
18 102.5 86.0 12.98 14.68 34.07 40.88
20 105.3 90.7 14.54 16.45 38.42 45.21
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by them. Previous electron microscopic and 31P-NMR
studies have shown that NAPEs form lamellar struc-
tures in gel and fluid phases and that N-acylation of
w xPE in general stabilises the bilayer form 30,31 .
DSC, 31P-NMR and FTIR studies have shown that
when the N-acyl chain is longer than 10-C atoms, it
interacts with the hydrophobic interior of the mem-
w xbrane 31–33 . For NAPEs having matched N- and
O-acyl chains the transition temperatures are shown
to be almost identical to those of the parent diacyl
w xPEs 30–33 . Similar studies on NAEs are, however,
lacking. In the present study we have investigated the
phase transitions of a homologous series of NAEs by
differential scanning calorimetry and the results ob-
tained are discussed here.
4.1. Chainlength dependence of transition enthalpy
and transition entropy
The chainlength dependence of the transition en-
thalpy, D H , and transition entropy, DS , for the dryt t
and hydrated samples of N-acylethanolamines, are
given in Fig. 4A and B, respectively. Data for the
 .corresponding fatty acids dry samples , obtained
w xfrom literature 34 , are also given for comparison. It
is seen that in the chainlength region of 8–20 C-
atoms, for all the NAEs with even number of C-atoms,
both D H and DS exhibit an essentially linear de-t t
w xpendence. The data may be fit to the expressions 29 :
D H s ny2 D H qD H 2 .  .t inc o
DS s ny2 DS qDS 3 .  .t inc o
where D H and DS are the end contributions to theo o
transition enthalpy and transition entropy, respec-
tively, arising from the terminal methyl group and the
head group region. D H and DS are the incre-inc inc
mental values of transition enthalpy and transition
Fig. 4. Chainlength dependence of the transition temperatures of
N-acylethanolamines and fatty acids of even chainlengths. Data
 .  .obtained from heating scans of dry v and hydrated B
samples of NAEs are shown. Transition temperatures of fatty
 . w xacids ‘ , taken from literature 21 , are also shown for the sake
of comparison. The solid lines and the dotted line are nonlinear
 .least square fits of each data set to Eq. 4 . The data for
N-octanoylethanolamine in water was omitted from the least
squares analysis.
entropy per CH group. A linear least square analysis2
of the chainlength dependent values of the transition
enthalpy and transition entropy of the different NAEs
yielded the values of D H and DS as 0.82inc inc
 .  . y1"0.02 and 0.95 "0.06 kcal mol , and, 2.01
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Table 2
 .Incremental values D H , DS of the chainlength dependenceinc inc
 .and end contributions D H , DS to the phase transition en-o o
thalpy and entropy of dry and hydrated samples of N-
acylethanolamines and dry samples of fatty acids
Lipid D H D H DS DSinc o inc o
   kcalr kcalr calrmolr calrmolr
. . . .mol mol K K
NAEs 0.95 y0.52 2.37 3.1
 .  .  .  .  .Hydrated "0.06 "0.82 "0.17 "2.3
NAEs 0.82 y0.10 2.01 2.12
 .  .  .  .  .Dry "0.02 "0.26 "0.06 "0.71
Fatty acids 0.862 0.017 2.25 4.6
 .  .  .  ."0.047 "0.51 "0.16 "1.8
 .  . y1 y1"0.06 and 2.37 "0.17 cal mol K , respec-
tively, for the dry and aqueous dispersions 1. The end
contributions were determined to be D H sy0.1o
 .  . y1"0.26 and y0.52 "0.82 kcal mol , and, DSo
 .  . y1 y1s2.12 "0.71 and 3.1 "2.3 cal mol K ,
respectively, for the dry and hydrated samples of the
NAEs. These values as well as the corresponding
values for the fatty acids obtained from a similar
analysis of the thermodynamic data available in the
w xliterature 30 are presented in Table 2. The end
contributions i.e., values of D H and DS , both foro o
the NAEs and the fatty acids, are rather small and
therefore do not contribute significantly to the overall
transition enthalpy and transition entropy. The signif-
icance of the incremental values of transition en-
thalpy and transition entropy is discussed below.
A linear chainlength dependence of the transition
enthalpy and transition entropy may be expected for
the homologous series of N-acylethanolamines dry
.samples , provided the structures of the NAEs in the
solid state and in the liquid state do not change
significantly with chainlength. From the linearity of
the data in Fig. 4A and B, it appears that the struc-
tures of the dry NAEs in the solid state as well as in
the liquid state for the chainlength range of 8–20
C-atoms are rather similar. This suggests that packing
of the acyl chains of NAEs in the solid phase is
1 The data corresponding to the hydrated N-octanoyl-
ethanolamine were omitted from the least-square analysis be-
cause the D H and DS values obtained for this sample deviatedt t
significantly from the least square fits obtained for the data from
the other NAEs.
similar in the chainlength range of 8–20 C-atoms.
Similarly, for the NAEs in the presence of water it
can be said that the structures in the gel phase and
that in the fluid phase are similar in the chainlength
range of 10–20 C-atoms. The structure of N-oc-
tanoylethanolamine appears to be different from the
other NAEs since the values of transition enthalpy
and transition entropy for this compound do not fit
with the linear chainlength dependence of these
calorimetric parameters observed with the rest of the
 .NAEs investigated in the present study. From Eq. 4
the phase transition temperature of this compound in
the presence of water could be predicted to be about
 .308C see below ; however, the only transition ob-
served for the aqueous dispersion of this compound is
seen at 26.78C, which is considerably lower than the
 .T value predicted from Eq. 4 . Additionally, thet
hydrated sample of N-octanoylethanolamine is opti-
cally clear, whereas the hydrated dispersions of the
other NAEs are turbid. These observations suggest
that the structure of N-octanoylethanolamine in the
presence of water is different from that of the other
NAEs. Further studies are required to delineate the
differences in the structures of N-octanoylethanol-
amine and the other NAEs in aqueous dispersion.
The values of D H for the solid-to-liquid phaseinc
transitions of dry NAEs and free fatty acids are
comparable and are significantly higher than those
obtained for the gel-to-fluid transitions in aqueous
dispersions of saturated diacyl phospholipids which
 w x. 2are extensively studied see Table 2 in Ref. 35 . It
is likely that this difference arises both from the
differences in the gel phase structures of the phospho-
lipids and the structures in the solid phase of NAEs
and fatty acids where the acyl chains in solid NAEs
and fatty acids are likely to be more ordered than the
lipid acyl chains in the hydrated gel phases of the
phospholipids as well as from the nature of the fluid
phase in the aqueous dispersions of phospholipids
where the hydrophobic lipid acyl chains are expected
to be more ordered than those of the pure NAEs in
the fluid phase.
2 The values given in this reference correspond to two CH2
units coming from the two acyl chains of these diacyl phospho-
lipids. Therefore, for a proper comparison the values given in this
reference should be halved.
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It is interesting to note that the incremental values
of the transition enthalpy and transition entropy for
the NAEs in the absence and in the presence of water
differ considerably. Particularly, it is to be noted that
the values of D H are somewhat larger in theinc
presence of water than for the dry samples. However,
a knowledge of the structures of the phases formed
by these molecules below and above the phase transi-
tion temperatures in the absence and in the presence
of water is necessary before these differences can be
rationalised.
4.2. Chainlength dependence of transition tempera-
tures
From the data presented in Table 1, it can be seen
that the transition temperatures of the NAEs increase
with increasing chainlength, both in dry samples as
well as when they are fully hydrated. The magnitude
of the change in the transition temperature, however,
decreases steadily as the chainlength increases and
this is clearly seen when the values of T are plottedt
against the number of C-atoms, n, in the acyl chain
 .Fig. 3 . This is similar to the trends observed for the
transition temperatures of fatty acids in the solid
w xphase 29 as well as for the gel-to-fluid phase transi-
tion temperatures observed for the aqueous disper-
w xsions of phosphatidylcholines 36 , phos-
w xphatidylethanolamines 36 and N-biotinyl phos-
w xphatidylethanolamines 35 .
From the data presented in Table 2 it is possible to
calculate the transition temperature for an infinite
chainlength of the NAE since, as the chainlength
 .increases, the contribution of the CH part of the2 n
molecule will dominate the transition enthalpy and
 .transition entropy values and therefore the Eqs. 2
 .and 3 can be reduced to:
D H s ny2 D H 2a .  .t inc
DS s ny2 DS 3a .  .t inc
The transition temperature then will be given by
T AsD H rDS . From Table 2 the values of T At inc inc t
for the dry samples of NAEs and fatty acids can be
estimated as 408.0 and 383.1 K, respectively. For the
hydrated dispersions of NAEs, the value of T A ist
estimated as 400.8 K.
The chainlength dependence of the transition tem-
peratures of both NAEs and the corresponding fatty
acids was fitted to the equation predicted from the
linear dependence of the transition enthalpy and tran-
 .  . w xsition entropy given in Eqs. 2 and 3 36,37 :
T sD H rDSt t t
X Xs D H rDS 1y n yn r nyn 4 .  .  .  .inc inc o o o
 . X where n s yD H rD H and n so o inc o
.yDS rDS are the chainlengths at which the tran-o inc
sition enthalpy and transition entropy, respectively,
extrapolate to zero. It can be seen from Fig. 3 that the
transition temperatures of both the NAEs and the
 .fatty acids are described accurately by Eq. 4 . Addi-
tionally, from the fitting parameters, the transition
temperature at infinite chainlength of the dry and
hydrated samples of N-acylethanolamines, T A , havet
been estimated to be 408.4 K with x 2 of 0.2 K and
408.5 K with x 2 of 0.3 K, whereas the T A valuet
estimated for the fatty acids is 425.2 K with x 2 of
0.12 K. The values estimated from the fitting parame-
ters for the dry and hydrated NAEs are in good
agreement with the values of 408.0 and 400.8 K
predicted from the linear regression of the calori-
metric data.
5. Conclusions
A linear dependence has been observed in the
thermodynamic parameters, D H and DS , associatedt t
with the chain-melting phase transitions of a homolo-
gous series of N-acylethanolamines in the dry state
as well as in the presence of excess water, in the
present study. The incremental values of transition
 .enthalpy D H contributed by each CH unit in theinc 2
hydrated dispersions of NAEs are slightly larger than
the corresponding values obtained for the solid-to-
liquid phase transition of the dry NAEs. However,
the values of D H for NAEs, both in the dry stateinc
as well as in the hydrated dispersions are consider-
ably larger than the values of D H obtained for theinc
aqueous dispersions of phospholipids. These differ-
ences can be rationalised only after the structures of
the phases formed by NAEs below and above the
chain-melting phase transitions, both in the absence
and in the presence of water, are known.
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